
   

 

Supplementary Material 

1 Supplementary Figures  

Supplementary Figure S1. Schematic diagram of alignment of CPXV-No-H2, 

CPXV_GerMygEK938_17, CPXV_Ger2010_MKY and ECTV_Mos showing the NoH2-163 gene and 

their homologs, using Geneious software 2021.2.2. Grey regions indicate conserved bases while colors 

(red, blue, yellow, green) indicate differences (A, C, G, T, respectively) from CPXV-No-H2. 

Supplementary Figure S2.  Maximum-Likelihood phylogenetic tree based on 76 orthopoxvirus whole 

genomes. Bootstrap values were determined from 1000 replica sampling. Cowpox virus (CPXV) 

strains were grouped into different clades: CPXV-like 1, CPXV-like 2, and VARV-like (Franke et al., 

2017). The scale bar represents expected substitutions per site. 

Supplementary Figure S3.  Maximum-Likelihood phylogenetic tree on 76 orthopoxvirus core 

genomes. Bootstrap values were determined from 1000 replica sampling. Cowpox virus (CPXV) 

strains were grouped into different clades: CPXV-like 1, CPXV-like 2, and VARV-like (Franke et al., 

2017). The scale bar represents expected substitutions per site. 

Supplementary Figure S4.  Maximum-Likelihood phylogenetic tree of 134 orthopoxvirus 

orthologous genes. Bootstrap values were determined from 1000 replica sampling. Cowpox virus 

(CPXV) strains were grouped into different clades: CPXV-like 1, CPXV-like 2, and VARV-like 

(Franke et al., 2017). The scale bar represents expected substitutions per site. 

Supplementary Figure S5.  Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 1 between the parental AKPV and CPXV (potential recombinant event 1). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S6. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 2 between the parental AKPV and CPXV (potential recombinant event 2). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S7. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 3 between the parental AKPV and CPXV (potential recombinant event 3). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S8. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 4 between the parental AKPV and CPXV (potential recombinant event 4). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S9. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 5 between the parental AKPV and CPXV (potential recombinant event 5). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S10. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 6 between the parental AKPV and CPXV (potential recombinant event 6). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S11. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 1 between the parental ECTV and CPXV (potential recombinant event 7). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S12. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region 2 between the parental ECTV and CPXV (potential recombinant event 8). 

Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S13. Maximum-Likelihood phylogenetic tree based on the putative 

recombinant region between the parental VACV and CPXV (potential recombinant event 9). Bootstrap 

values were determined from 1000 replica sampling. Clades are identified with colors. 

Supplementary Figure S14. Maximum-Likelihood phylogenetic tree based on 75 OPXV whole 

genomes. Bootstrap values were determined from 1000 replica sampling. Clades are identified with 

colors. 

Supplementary Figure S15. Bayesian Inference phylogenetic tree based on 75 OPXV whole 

genomes. Clades are identified with colors. 

Supplementary Figure S16. Maximum-Likelihood phylogenetic tree based on 75 OPXV core 

genomes. Bootstrap values were determined from 1000 replica sampling. Clades are identified with 

colors. 

Supplementary Figure S17. Bayesian Inference phylogenetic tree based on 75 OPXV core genomes. 

Clades are identified with colors. 

Supplementary Figure S18. Maximum-Likelihood phylogenetic tree based on 134 orthologous genes 

from 75 OPXV genomes. Bootstrap values were determined from 1000 replica sampling. Clades are 

identified with colors. 

Supplementary Figure S19. Bayesian Inference phylogenetic tree based on 134 orthologous genes 

from 75 OPXV genomes. Clades are identified with colors. 

 

 

 

 

 

 



   

 

 

 

 

Supplementary Figure S1. Schematic diagram of alignment of CPXV-No-H2, 

CPXV_GerMygEK938_17, CPXV_Ger2010_MKY and ECTV_Mos showing the NoH2-163 gene and 

their homologs, using Geneious software 2021.2.2. Grey regions indicate conserved bases while colors 

(red, blue, yellow, green) indicate differences (A, C, G, T, respectively) from CPXV-No-H2. 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

 

Supplementary Figure S2.  Maximum-Likelihood phylogenetic tree based on 76 orthopoxvirus whole genomes. Bootstrap values were 

determined from 1000 replica sampling. Cowpox virus (CPXV) strains were grouped into different clades: CPXV-like 1, CPXV-like 2, and 

VARV-like (Franke et al., 2017). The scale bar represents expected substitutions per site. 
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Supplementary Figure S3.  Maximum-Likelihood phylogenetic tree on 76 orthopoxvirus core genomes. Bootstrap values were determined 

from 1000 replica sampling. Cowpox virus (CPXV) strains were grouped into different clades: CPXV-like 1, CPXV-like 2, and VARV-like 

(Franke et al., 2017). The scale bar represents expected substitutions per site. 
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Supplementary Figure S4.  Maximum-Likelihood phylogenetic tree of 134 orthopoxvirus orthologous genes. Bootstrap values were 

determined from 1000 replica sampling. Cowpox virus (CPXV) strains were grouped into different clades: CPXV-like 1, CPXV-like 2, and 

VARV-like (Franke et al., 2017). The scale bar represents expected substitutions per site. 
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Supplementary Figure S5.  Maximum-Likelihood phylogenetic tree based on the putative recombinant region 1 between the parental AKPV 

and CPXV (potential recombinant event 1). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S6. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 2 between the parental AKPV 

and CPXV (potential recombinant event 2). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S7. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 3 between the parental AKPV 

and CPXV (potential recombinant event 3). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S8. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 4 between the parental AKPV 

and CPXV (potential recombinant event 4). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

 

0.03

CPXV_RatGer09_1

CPXV_Ger2014_Cat1

CPXV_FM2292

ECTV_Hamptead

CPXV_Ger2010_Rat

CPXV_Ger2017_Alpaca2

CPXV_BeaBer04_1

VACV_Duke

CPXV_Ger2010_MKY

CPXV_HumLit08_1

VACV_CVA

VARV_VD21

MPXV_COG_2003_358
MPXV_LBR_1970_184

MPXV_ZAR

OPXV_Abatino

CPXV_Ger1980_EP4

CPXV_HumKre08_1

CPXV_Ger1990_2

CPXV_MonKre08_4

VACV_Lister

CMLV_M96

HSPV_MNR76

CPXV_Nor1994_Man

ECTV_ERPV

CPXV_Fra2001_Nancy

SKPV_WA
NO_H2

CPXV_JagKre08_2

VARV_JPN46_yam

CPXV_Aus_1999

CPXV_RatPox09

CPXV_RatAc09_1

CPXV_Ger2015_Cat1

TATV_DAH68

AKMV_2013_85

CPXV_HumLan08_1

CPXV_Ama_2015

MPXV_NERia_SE_1971

CPXV_Ger1998_2

CMLV_CMS

VACV_Cop

ECTV_Mos

CPXV_HumMag07_1

CPXV_HumAac09_1

CPXV_Gri

CPXV_EleGri07_1

AKPV_2015

CPXV_Ger2015_Human2

CPXV_Ger2013_Alpaca

CPXV_Ger2007_Vole

CPXV_JagKre08_1

CPXV_Ger2014_Cat2

AKMV_Vani_2010

ECTV_Nav

CPXV_Ger2010_Racoon

CPXV_Ger91

CPXV_GerMygEk938_17

AKMV_2013_88

CPXV_Ger2010_Alpaca

CPXV_Ger2002_MKY

RCNV_Herman

RPXV_Utr

CPXV_Fin2000_Man

CPXV_HumGra07_1

CPXV_Ger2017_Vole

VARV_SLE68
VARV_Garcia_1966

CPXV_Br

VARV_BGD75_Banu

CPXV_Ger2015_Cat2

VPXV_CAL

CPXV_HumBer07_1

CPXV_Ger2014_Human

CPXV_Ger2012_Alpaca

CPXV_CatPot07_145

54

64

29

100

15

23

96

93

21

100

100

100

97

3

27

52

88

99
81

96

100

11

78

74

83

12

41

37

49

33

65

88

62

52
62

47

51

10

7

39

29

100

90

98

100

100

15

100

83

100

75

100

100

56

100

100

34

100

27

78

25

49

17

89

100

78

49

51

32

99

18

100

32



 

 
11 

 

Supplementary Figure S9. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 5 between the parental AKPV 

and CPXV (potential recombinant event 5). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 

0.04

CPXV_GerMygEk938_17

CPXV_Ger2010_Alpaca

RCNV_Herman

CPXV_JagKre08_1
VACV_Lister

CPXV_Ger2007_Vole

CPXV_Nor1994_Man

MPXV_LBR_1970_184

CPXV_Ger2010_Rat

AKMV_2013_88

VACV_Cop

TATV_DAH68

ECTV_Mos
ECTV_Nav

CPXV_HumAac09_1

CMLV_CMS

CPXV_Ama_2015

CPXV_Ger91
CPXV_FM2292

CPXV_Ger2010_Racoon

SKPV_WA

CPXV_HumLan08_1

CPXV_Ger1998_2

VARV_BGD75_Banu

VPXV_CAL

CPXV_Aus_1999

CPXV_HumBer07_1

OPXV_Abatino

CPXV_Ger1990_2

RPXV_Utr

CPXV_CatPot07_1

CPXV_RatGer09_1

CPXV_Ger2013_Alpaca

CPXV_HumLit08_1

CPXV_RatPox09

MPXV_ZAR
MPXV_COG_2003_358

VARV_SLE68

VARV_JPN46_yam

CPXV_Ger2014_Human

VACV_Duke

CPXV_Ger2014_Cat2

AKPV_2015

HSPV_MNR76

CPXV_Ger2015_Cat2

CPXV_Fin2000_Man

CPXV_HumMag07_1

CPXV_JagKre08_2

MPXV_NERia_SE_1971

CPXV_RatAc09_1

CPXV_Ger2015_Cat1

VARV_Garcia_1966

CPXV_Ger2002_MKY

CPXV_Ger2017_Vole

CMLV_M96

AKMV_2013_85

CPXV_Ger1980_EP4

VACV_CVA

CPXV_Gri

ECTV_Hamptead

CPXV_Ger2010_MKY

CPXV_HumKre08_1

CPXV_EleGri07_1
CPXV_Ger2014_Cat1

CPXV_Fra2001_Nancy

CPXV_Ger2015_Human2

CPXV_MonKre08_4

ECTV_ERPV

CPXV_HumGra07_1

NO_H2

CPXV_Ger2017_Alpaca2

AKMV_Vani_2010

CPXV_Br

VARV_VD21

CPXV_Ger2012_Alpaca

CPXV_BeaBer04_1

34

100

4

20

65

100

100

1

100

29

45

54

98

80

93

49

5

8

49

4

100

82

58 10

7

45

5

69

85

14

100

3

92

100

100

28

15

81

6

21

98

82

12

2

62

46

9690

55

93

13

37

100

100

100

29

55

100

73

100

4

100

45

100

88

48

38

100

100

100

94

19



  Supplementary Material 

 12 

 

Supplementary Figure S10. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 6 between the parental AKPV 

and CPXV (potential recombinant event 6). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S11. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 1 between the parental ECTV 

and CPXV (potential recombinant event 7). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S12. Maximum-Likelihood phylogenetic tree based on the putative recombinant region 2 between the parental ECTV 

and CPXV (potential recombinant event 8). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S13. Maximum-Likelihood phylogenetic tree based on the putative recombinant region between the parental VACV 

and CPXV (potential recombinant event 9). Bootstrap values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S14. Maximum-Likelihood phylogenetic tree based on 75 OPXV whole genomes. Bootstrap values were determined 

from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S15. Bayesian Inference phylogenetic tree based on 75 OPXV whole genomes. Clades are identified with colors. 
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Supplementary Figure S16. Maximum-Likelihood phylogenetic tree based on 75 OPXV core genomes. Bootstrap values were determined 

from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S17. Bayesian Inference phylogenetic tree based on 75 OPXV core genomes. Clades are identified with colors. 
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Supplementary Figure S18. Maximum-Likelihood phylogenetic tree based on 134 orthologous genes from 75 OPXV genomes. Bootstrap 

values were determined from 1000 replica sampling. Clades are identified with colors. 
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Supplementary Figure S19. Bayesian Inference phylogenetic tree based on 134 orthologous genes from 75 OPXV genomes. Clades are 

identified with colors. 
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